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Abstract

Dioxin concentration in lagoon sediments, fish, and human adipose tissues obtained in Niigata Prefecture; of
Japan which is an area exposed to large amounts of sprayed herbicides were assessed. The toxic equivalent
quantity (TEQ) value of the core sediment was higher than that investigated by the Ministry of the Environment,
Japan. In our research, it has been predominantly focused on and contributed in the area of polychlorinated
dibenzo-p-dioxins/polychlorinated dibenzofurans (PCDDs/PCDFs) and to a certain extent on the study of
coplanar polychlorinated biphenyls (Co-PCBs). Principal component analysis and multiple liner regression
analysis revealed that the contamination of dioxins in this core sediment mainly originated from the herbicides,
Pentachlorophenol (PCP) and chloronitrophen (CNP), that were sprayed in the surrounding paddy fields. The
TEQ values of the fish in this research were also higher than the national average in almost all the species
investigated. The contribution of PCDDs/PCDFs to the total dioxin content was higher than the national average
in all species. The herbicides used in this region (PCP and CNP) are considered to be the source of these dioxins.
In contrast to the result of the core sediment, the Co-PCB concentration of the fish was very high. On the other
hand the TEQ value and Co-PCB concentration in human adipose tissue of residents in a city in the prefecture
were higher than the reported values. The ratio of PCDD/PCDF homologues differed, depending on the groups
of the sample. However, there was almost no difference in the ratio of Co-PCB congeners. Thus, it was
considered that dioxins in the living samples that were investigated result not only from exposure to herbicides
but also to PCB.

Introduction

The amount of dioxin (polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs),
and dioxin-like PCBs (Co-PCBs)) produced during combustion and released as exhaust into the environment
annually has decreased in Japan, particularly after the Law Concerning Special measures against dioxins was
passed in 1999. However dioxins mainly accumulate in paddy field soils where the herbicides pentachlorophenol
(PCP) and chloronitrophen (CNP) have been applied. These dioxins are present in the herbicides as byproducts.
Niigata prefecture is one of the most famous regions for rice production in Japan, where a large amount of PCP
and CNP have been used in the past. Therefore, it is considered that the dioxins may have moved into water
systems from the paddy fields, subsequently contaminating fish in fresh and sea water, followed by gradual
accumulation in the food chain. If this is true, it is possible that these compounds may have contaminated the
human food chain. Thus, in this study, the dioxins in lagoon sediments, fish living in the lagoon and the coastal
areas, and abdomen adipose tissues of residents in Niigata Prefecture were investigated, and to elucidate the
relations between them was tried.

Materials and Methods
Materials

A sediment- core sample from Toyano Lagoon was obtained. This fresh water lagoon is in the lowest part of
the Kameda-Gou region surrounded by the Shinano, Agano and Ko-Agano rivers (Figure 1). Paddy fields extent
from the southern bank of the lagoon, and towns of Niigata City, from the northern bank. As a result, agricultural
and urban effluents flow into the lagoon. It is consider that sediment contents of the lagoon reflect contamination
by these effluents from this region. A core- sample of the sediment was taken for study of the time trend. Fish
from the lagoon were also sampled to elucidate the dioxin transfer between the fish and the sediment. 3 kinds of
fish, crucian carp, carp and black bass was taken to determine the differences among fish classes. Sea fish living
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in the coastal zones of Niigata Prefecture were also taken. Further, human adipose tissues, gastrocolic omentum,
a type of human adipose tissue were collected. The tissues were removed from the digestive apparatus of patients
when they were operated in a hospital in the Shinano basin. The tissue collection was approved by the ethical
committee of the School of Medicine of the Niigata University. Briefly, we tried to elucidate the dioxin behavior
in the lower Shinano basin.

Figure 1 The locations of Niigata prefecture and the sampling point.

Method

The sediment- core samples were vertically cut into 2-cm slices. A portion of a slice was used for dating using
Pb-210 and Cs-137. The other portion of the slice was air dried at room temperature and pounded. The fish were
cut and divided into muscle, viscera and bony parts. Muscle and viscera were used as analytical samples. They
were homogenized, and freeze dried. The human adipose tissues were also freeze dried.

B3C-labeled internal standards were added to the all the dried samples, which were then extracted by toluene
using a Soxhlet apparatus. In the case of sediment samples, several small pieces of copper were added in a
Soxhlet flask to remove the sulfur. Each of the fish and human sample extracts was divided between 10% and
90% in volume. The former was used for measuring fat content.

The latter was used for dioxin analysis. Each extract was concentrated using a rotary evaporator and treated
several times with concentrated sulfuric acid. The extracts were then purified with hexane by a silica gel column
followed by an active carbon-impregnated silica gel column. In the case of fish and human tissues, an alumina
column was also used before the active carbon-impregnated silica gel column. The eluate, containing the final
PCDD/PCDF and Co-PCB fractions, was concentrated and spiked with *3C-labeled recovery standards. The
100-ul condensates were injected into a high-resolution gas chromatography/mass spectrometry (HRGC-HRMS;
Hewlett Packard HP6890/JEOL JMS 700) instrument.

Results and Discussion
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Figure 2 The TEQ value in the core sediment of Toyano Lagoon.
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Figure 6 Percentage of homologues in total PCDD/PCDF (upper figure) and the congeners
in the total Co-PCB (lower figure).

Figure 6 illustrates the percentages of each homologue in the total PCDD/PCDF and those of Co-PCBs in the
abovementioned samples. The ratio of O8CDD in the crucian carp and carp was predominant and that of PCDFs
was low. These result are similar to those obtains with sediment samples. However, the ratios of O8CDD and
PCDF in black bass differed from the abovementioned values. The ratio of T4ACDDs and PCDF is predominant
in the fish living in the coastal area of Niigata prefecture. The percentage of T4ACDDs tended to be larger in
bigger fish. O8CDD was predominant in the human adipose tissue, and no difference was observed between
males and females. As for Co-PCB, the percentage of 157-6CB was the highest in all the samples.
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